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The adoptive transfer of tumor-infiltrating lymphocytes (TILs) can yield durable responses in patients affected by met- 
astatic melanoma. In particular, we have recently reported an 80% 3 year survival rate among patients who responded to 
this immunotherapeutic regimen. Of note, overall response rates were equal among ipilimumab-naive and ipilimumab- 
refractory patients. Thus, the adoptive transfer of TILs, as a standalone therapeutic intervention or combined with other 
treatment modalities, bears a high clinical potential that must be optimally employed. 



Tumor-infiltrating lymphocytes (TIL) 
are a heterogeneous cell population found 
within neoplastic lesions and mainly 
composed of T cells. A fraction of TILs 
expresses T-cell receptors directed against 
unique or shared tumor-associated anti- 
gens and exert cytotoxic effects against 
malignant cells. The adoptive transfer of 
TILs to cancer patients involves the large- 
scale expansion of autologous TILs (which 
are obtained from resected tumors) ex 
vivo and their reinfusion, which normally 
ensues a pre-conditioning regimen and 
is combined with the administration of 
interleukin-2 (IL-2).''^ Lymphodepleting 
pre-conditioning transiently removes 
immunosuppressive cells from the patient, 
whereas IL-2 supports the survival of 
adoptively transferred cells. ^ 

In the past few years, several groups 
published the results of Phase II clini- 
cal trials testing TIL-based adoptive cell 
transfer (ACT) in patients with metastatic 
melanoma.'"'' These studies differed from 
each other with regard to lymphode- 
pleting regimen (i.e., myeloablative vs. 
non-myeloablative protocols)^ and TIL 
production protocol (e.g., CD8* T cell- 
enriched vs. non-enriched TILs, the latter 
of which also contains CD4* T cells). 
The use of myeloablative pre-conditioning 



has yielded the highest objective response 
(OR) rate ever reported for TIL-based 
ACT (i.e., 72%),^ whereas the use of CDS* 
T cell-enriched TILs (in a non-myeloabla- 
tive setting) was associated with the low- 
est one (i.e., 20%).^ Since myeloablative 
pre-conditioning is associated with severe 
toxicities, the use of non-enriched TILs in 
conjunction with non-myeloablative regi- 
mens nowadays stands out as the most fea- 
sible approach in clinical terms, resulting 
in 38-50% OR rates, as demonstrated in 
multiple independent studies.'"'' 

The major benefit of TIL-based ACT 
is the duration of responses, which in 
many patients last for years. Moreover, 
10-20% of patients experience complete 
remission. In a previous study, 19 of 20 
patients who completely responded to 
TIL-based ACT were in remission 4—8 y 
after treatment,^ and also in our cohort, 
none of such patients (n = 5) has relapsed 
after a median follow-up of 39 mo (as of 
August 2013). 

We have recently published clini- 
cal results as well as long-term follow-up 
data regarding 80 metastatic melanoma 
patients who were allocated to receive 
adoptively transferred non-enriched TILs 
upon non-myeloablative lymphodeple- 
tion.'' This report provides data on the 



intent-to-treat analysis, with a special 
focus on the efficacy of TILs in ipilim- 
umab-refractory patients. 

Patients were enrolled regardless of dis- 
ease burden or tumor progression. 80% of 
them had multiple metastases in visceral 
organs and all patients were refractory to 
prior therapies. TIL cultures were success- 
fully established for 72 (90%) patients. 
Altogether 23 (29%) patients discon- 
tinued the study, including 3 patients 
who chose to resign and 11 patients who 
clinically deteriorated in the course of TIL 
production. 

Such a drop-out rate is relatively low, 
especially when compared with that 
of other anticancer regimens that also 
require bioptic or surgical material for 
the assessment of eligibility. For example, 
only approximately 50% of melanoma 
patients bear a mutation at BRAF codon 
600, which justifies the use of the BRAF 
inhibitor vemurafenib.^ Along similar 
lines, just about 20% of breast carcinomas 
exhibit high expression levels of v-erb-b2 
avian erythroblastic leukemia viral onco- 
gene homolog 2 (ERBB2, also known as 
HER2 or neu), justifying the administra- 
tion of ERBB2-targeting agents such as 
trastuzumab or lapatinib. Of note, clini- 
cal data on the efficacy of antineoplastic 
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Figure 1. Overall response rate and median overall survival of melanoma patients subjected to TIL-based ACT. (A-C) Best overall response rates (accord- 
ing to RECIST V. 1.1) in all patients treated with tumor-infiltrating lymphocyte (TIL)-based adoptive cell transfer (ACT) (n = 57) (A), in ipilimumab (IPO- 
refractory patients treated with TIL-based ACT (n = 13) (B), and ACT-refractory patients treated with ipilimumab (n = 19) (C). Ipilimumab was employed 
at a dose of 3 mg/kg. In panels (B) and (C), lines indicate individual patients and their best overall response to each treatment. IVIedian overall survival 
(OS) was measured from the initiation of second-line therapy. CR, complete response; PD, progressive disease; PR, partial response; SD, stable disease. 



medications (if not of medications in 
general) usually refer to treated patients 
only, and not to the intent-to-treat popu- 
lation.^ Moreover, survival data are gener- 
ally measured from the day of treatment, 
rather than from the day in which biopsy 
was collected, which should not be any 
different in the context of ACT-based 
immunotherapy. 

Of 57 patients receiving TIL-based 
ACT in our cohort, 18 experienced par- 
tial and 5 complete remission, corre- 
sponding to an objective response rate of 
40% (Fig. lA). The disease control rate, 
including patients who manifested dis- 
ease stabilization, was 65%. TIL-based 
immunotherapy was applied to a popu- 
lation of patients bearing very advanced 
tumors. 79% of treated patients exhibited 
indeed multiple sites of disease and were 
staged Mlc, including 11 (19%) patients 
with brain metastases. The median over- 
all survival (OS) of this cohort was 15.2 
mo. Objective responses were signifi- 
cantly associated with a survival benefit. 



as patients who responded to therapy did 
not reach the median OS after a median 
follow-up time of 28 mo, whereas patients 
who failed to do so had a median OS of 
6.1 mo. Noteworthy, 78% of patients 
who experienced ORs to TIL-based ACT 
are alive 3 y after therapy. Moreover, 
as mentioned above, all 5 complete 
responders, including one patient who 
had brain metastases at enrollment, have 
no evidence of disease 2 to > 5 y after 
treatment. 

Interestingly, TIL-based ACT was 
as effective in ipilimumab-refractory 
patients as in ipilimumab-naive ones, 
and the toxicity profile of treatment did 
not differ between these 2 patient subsets. 
There was no correlation between the type 
of response to prior ipilimumab- or IL-2- 
based immunotherapy and the response 
to the adoptive transfer of TILs (Fig. IB). 
Therefore TIL-based ACT stands out as 
an optional treatment modality for mela- 
noma patients progressing on standard 
anticancer regimens. 



TIL-based ACT is an individualized 
treatment that requires specialized labora- 
tories, and thus is more complex to perform 
than most conventional antineoplastic 
interventions. Still, the clinical results 
obtained with TIL-based ACT might 
to be superior even to those observed in 
response to vemurafenib (both these treat- 
ments induce high response rates,^ but the 
responses to TIL-based ACT seem to be 
more durable) or ipilimumab (higher OR 
rates have been obtained with adoptively 
transferred TILs than with ipilimumab).* 
Clearly, properly designed, randomized 
clinical trials are required to formally 
demonstrate the advantages of TIL-based 
ACT over other treatment modalities. In 
addition, TIL expansion protocols have 
been substantially simplified over the 
years, increasing the number of centers 
that may be able to provide this therapeu- 
tic option to patients.^'' 

As new immunotherapeutics, such 
as blockers of programmed cell death 
1 (PDCDl, best known as PD-1) or its 
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ligand (CD274, also known as PD-Ll), 
are rapidly approaching regulatory 
approval, combinatorial immunotherapy 
might provide the landmark in the treat- 
ment of melanoma patients. Preliminary 
studies combining inhibitors of PDCDl- 
dependent and cytotoxic T lymphocyte- 
associated protein 4 (CTLA4) -dependent 
immunological checkpoints (i.e., 
nivolumab and ipilimumab, respectively) 
show promising results.'" Combinatorial 

References 

1. Besser MJ, Shapira-Frommer R, Treves AJ, Zippel D, 
Itzhaki O, Hershkovitz L, Levy D, Kubi A, Hovav E, 
Chermoshniuk N, et al. Clinical responses in a phase 
II study using adoptive transfer of short-term cultured 
tumor infiltration lymphocytes in metastatic mela- 
noma patients. Clin Cancer Res 2010; 16:2646-55; 
PMID:20406835; http://dx.doi.otg/10.1158/1078- 
0432.CCR-10-0041 

2. Dudley ME, Yang JC, Sherry R, Hughes MS, Royal 
R, Kammula U, Robbins PF, Huang J, Citrin DE, 
Leitman SF, et al. Adoptive cell thetapy for patients 
with metastatic melanoma: evaluation of intensive 
myeloablative chemoradiation preparative tegimens. 
J Clin Oncol 2008; 26:5233-9; PMID:18809613; 
http://dx.doi.oig/10.1200/JCO.2008.16.5449 

3. Dudley ME, Gross CA, Somerville RPT, Hong Y, 
Schaub NP, Rosati SF, White DE, Nathan D, Restifo 
NP, Steinberg SM, et al. Randomized selection design 
trial evaluating CD8 + -enriched versus unselected 
tumor-infiltrating lymphocytes for adoptive cell 
therapy for patients with melanoma. J Clin Oncol 
2013; 31:2152-9; PMID:23650429; http://dx.doi. 
org/10.1200/JCO.2012.46.6441 

4. Radvanyi LG, BernatchezC, Zhang M, Fox PS, Millet 
P, Chacon J, Wu R, Lizee G, Mahoney S, Alvarado G, 
et al. Specific lymphocyte subsets ptedict response 
to adoptive cell therapy using expanded autologous 
tumor-infiltrating lymphocytes in metastatic mela- 
noma patients. Clin Cancer Res 2012; 18:6758-70; 
PMID:23032743; http://dx.doi.otg/10.1158/1078- 
0432.CCR-12-1177 



regimens involving TIL-based ACT and 
checkpoint inhibitors will definitively be 
of great interest. In our very small patient 
cohort, 3 of 19 (16%) ACT-refractory 
patients experienced durable complete 
remission in response to ipilimumab 
(Fig. IC),*^ which as single agent yielded < 
1% complete responses.** 

Ongoing research efforts focusing on 
the discovery of highly reactive TIL sub- 
sets and the genetic engineering of TILs 

5. Rosenbetg SA, Yang JC, Shetry RM, Kammula 
US, Hughes MS, Phan GQ, Citrin DE, Restifo 
NP Robbins PF, Wunderlich JR, et al. Durable 
complete responses in heavily pretreated patients 
with metastatic melanoma using T-cell ttansfer 
immunotherapy. Clin Cancer Res 2011; 17:4550-7; 
PMID:21498393; http://dx.doi.org/10.1158/1078- 
0432.CCR-11-0116 

6. Besser MJ, Shapira-Frommer R, Itzhaki O, Treves 
AJ, Zippel D, Levy D, Kubi A, Shoshani N, Zikich 
D, Ohayon Y, et al. Adoptive Transfer of Tumor 
Infiltrating Lymphocytes in in Patients with 
Metastatic Melanoma: Intent-to-Treat Analysis and 
Efficacy after Failure to Prior Immunotherapies. Clin 
Cancer Res 2013; 19:4792-800 PMID:23690483; 
http://dx.doi.otg/10.1158/1078-0432.CCR-13-0380 

7. Chapman PB, Hauschild A, Robert C, Haanen JB, 
Ascierto P, Larkin J, Dummer R, Garbe C, Testori 
A, Maio M, et al.; BRIM-3 Study Group. Improved 
survival with vemurafenib in melanoma with BRAF 
V600E mutation. N Engl J Med 2011; 364:2507- 
16; PMID:21639808; http://dx.doi.org/10.1056/ 
NEJMoal 103782 

8. Hodi FS, O'Day SJ, McDermott DF, Weber RW, 
Sosman JA, Haanen JB, Gonzalez R, Robert C, 
Schadendorf D, Hassel JC, et al. Improved sur- 
vival with ipilimumab in patients with metastatic 
melanoma. N Engl J Med 2010; 363:711-23; 
PMID:20525992; http://dx.doi.org/10.1056/ 
NEJMoal003466 



prior to reinfusion can further improve 
the clinical efficacy of this immuno- 
therapeutic regime. TIL-based ACT has 
a substantial clinical potential, both as a 
standalone therapeutic intervention and 
in combination with other treatment 
modalities. 
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